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A Study of Contamination Migration at a 
Hazardous Waste Facility in Louisiana 
George H. Cramer, II 
Administrator, Ground Water Protection Division, Department of 
Environmental Quality, Baton Rouge, Louisiana 
SYNOPSIS: Traditionally clay soils have been regarded as being relatively impermeable to the migration of water and 
contaminants. Recent studies in Louisiana are beginning to show, however, that laboratory permeability tests are not true 
indicators of the ability of an in-situ soil to retain or transmit fluids. Both the depositional and post-depositional environment 
of a soil can greatly alter its in-situ permeability. In particular, post-depositional structural fractures provide preferencial 
pathways for contaminant migration at rates that far exceed those predicted by using laboratory permeability values. 
DifficUlties in field identification of these pathways reduces modeling of their effect on site hydrology to very basic terms. 
Since their distribution is not yet predictable, the net increase in permeability caused by their presence at a site can not be 
factored into any hydrologic models, except as gross estimates. 
INTRODUCTION 
For many years clay has been regarded as an impermeable 
barrier to the migration of all fulids. Landfills and 
impoundments constructed in clay were regarded as the safest 
place to dispose of hazardous and solid wastes. Recent studies 
are showing that the clays themselves are not immune to attack 
by chemicals. In addition, in Louisiana, contaminate studies at 
quite a few facilities are showing that laboratory permeability 
tests are not giving an accurate indication of the ability of a 
particular soil layer to retain or transmit fluids. Factors 
introduced by both the depositional and the post-depositional 
environments have a significant influence on the in-situ 
permeability of at least the Pleistocene, and perhaps older, 
soils. In particular, post-depositional structural features 
provide pathways for the migration of fluids, most importantly 
organic compounds. These pathways are not being found or 
predicted by laboratory testing. Thus, false assumptions have 
been used in determining the siting of disposal facilities and in 
the design of these facilities due to overly-optimistic values of 
permeability obtained for local soils. 
The site that first confirmed this situation in Louisiana is 
located in Calcasieu Parish (county). Originally the site of an 
oil and gas well with ancilliary impoundments, it was later 
expanded to accept wastes from other oil fields and from the 
petrochemical industry in nearby Lake Charles. Liquid wastes 
were accepted into several large surface impoundments which 
were constructed by excavating a trench around the desired 
area and using the spoil material to build a levee. In early 
1977, the site received a permit to convert the oil and gas well 
to a Class I (hazardous waste) injection well. Thereafter, new 
receiving basins were constructed which were lined with five 
feet of recompacted clay. The old impoundments were closed 
out by pumping the liquids down the injection well, solidifying 
the sludges with cement fly ash, and capping with recompacted 
clay. Most of the sludges were left in-place; however, sludges 
from three impoundments were placed in several of the landfill 
cells that were constructed at the site. 
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GEOLOGY 
The site is located on unconsolidated deposits of 
Pleistocene Age known as the Prairie Formation or 
Prairie Terrace. The formation consists of clay 
interbedded with clayey silt and sandy clay. Underlying 
the terrace deposits, so named because of the terrace 
effect caused by erosion, at a depth of 50 to 70 feet, is 
the Montgomery Formation, also of Pleistocene Age. This 
formation is the uppermost member of the regional 
Chicot Aquifer System and contains a thick sequence of 
sands at the top, known as the "200 Foot Sand" - named 
after the depth of this unit at the pumping center in Lake 
Charles (Jones, 1954). Beneath the Montgomery 
Formation are the Bentley and Williana Formations, also 
of Pleistocene Age, which contain the "500 Foot Sand" 
and the "700 Foot Sand" respectively, and compose the 
remaining units of the Chicot Aquifer. The sands grade 
from fine sand at the top to coarse sand and gravel at the 
base. They are separated by leaky confining units of clays 
and silt. The Chicot Aquifer had been declining for many 
years, however, after the completion of the Sabine River 
Diversion Canal in 1981, industrial pumping declined and 
the water levels in the aquifer began to rise. 
The eastern edge of the site dips down into the flood plain 
of the Little River, a tributary of the Calcasieu River. 
Here deposits of Recent Aluvium overlie the Pleistocene 
formations. Periodic flooding from Little River inundates 
this area, and in time past, has overtopped the 
impoundment levees. 
The site hydrogeologic conditions have been extensively 
studied. Since 1977 over 257 borings, totaling over 17,480 
linear feet, have been drilled on or adjacent to the 
facility. Fifty-three monitoring wells and thirty-two 
piezometers have been installed to monitor the ground 
water. In addition, four large diameter (36 inch) wells and 
five 4 inch wells are recovering contaminated ground 
water at a rate of over 7,000 gallons per day. More 
hydrogeologic work is currently being done at the site. 
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The earliest engineering studies (DEQ, unpublished data) state 
that the permeabilities of the soils at the site range from 1 X 
1o-9 em/sec in the clays to 1 X 11fS em/sec in the silts and 
clayey sands. The site was generally characterized as having 
four "zones" or layers, except at the eastern edge where the 
depositional patterns of the Little River imposed a different 
regime. The upper 50 feet of soil is composed of stiff to very 
stiff clays and silty clays. This stratum of thin layers of over-
lapping and interfingering soils is typical of surficial 
Pleistocene deposits in southern Louisiana. Beginning at 40-50 
feet below ground surface is a layer of silt and clayey sand, 
varying between five and eight feet thick, labeled the "50-foot 
pervious zone". This is the first water bearing stratum at the 
site, although the overlying clays approach saturation. 
Beneath the "50-foot pervious zone" is another clay layer 
varying from 0-10 feet in thickness. This immediately overlies 
the 200 foot sand of the Chicot Aquifer. Throughout the years 
of study, the extent of interconnection between the "50-foot 
pervious zone" and the 200 foot sand has been disputed. A 
recent study of water levels and stratigraphy at the site 
(Hebert, unpublished) concluded that the area of 
interconnection extends over the eastern half of the site. 
Earlier studies have confined this area to the southeastern 
portion of the site. This difference plays a significant role in 
determining effective corrective measures for ground water 
contamination at the site. 
SITE CONTAMINATION 
The first systematic investigation of contamination at the site 
began in early 1983. The extension of landfill cell 7 at the site 
(figure 1) was infiltrated by volatile organics contaminates 
shortly after being excavated. The subsequent investigation 
determined that the excavation had come close to the 
downward pathway of migration for these contaminates, 
allowing them to seep into the cell. The contamination at the 
site is composed of a variety of volatile organics, notably 
dichloroethane, dichloroethylene, trichloroethane, 
trichloroethylene, methylene chloride and vinyl chloride, in the 
part per million range. 
The investigation concluded that waste migrated from the 
old impoundments while they were active by a variety of 
mechanisms. From observations in the side wall of the 
cell, it was readily apparent that the waste was migrating 
through a series of structural cracks in the clay, called 
"Slickensides". This preference was so strong that the 
waste would migrate through rather than into silt lenses 
and thin layers within the clay. Contaminates were found 
down to the top of the "50-foot pervious zone" but did not 
penetrate the zone as a distinct phase. Dissolved 
constituents were found in the water of that zone, 
apparently coming from the floating contaminants. The 
extent of the dissolved phase was eventually determined 
to cover most of the center of the site, and to extend 
slightly off-site in the downgradient direction. 
By calculating the length of time that the contaminants 
were available for transport versus the actual distance of 
migration, a relative permeability of about 1 X 10-5 
em/sec can be derrived. This is opposed to the measured 
laboratory permeabilities in the 1 X 10-7 and 1 X 10 -8 
em/sec range. This increase in the vertical permeability 
of two to three orders of magnitude was observed at this 
site to be due to migration through the slickensides. 
Slickensides are fractures in the cohesive soils of the Gulf 
Coast region which were produced by the elastic 
rebounding of soils when stress was removed. During 
Pleistocene time a large volume of sediment was 
deposited in the Gulf Coast area. The weight of the 
overlying sediments introduced a large amount of stress 
on the buried soil layers. When this overburden was 
removed by subsequent erosion, the pressure acting on the 
soil was released causing a rebounding effect within the 
soils. This produced a pressure relief fracture called a 
slickenside. The slickensides are not extensive in length, 
but they form a prevalent pattern in all of the Pleistocene 
soils. This network of fractures allows fluids to migrate 
much more rapidly than if they had had to pass totally 
through the actual clay fabric. 
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Other pathways also exist at the site, although they were not 
directly observed to have influenced the migration of 
contamination. The site was originally covered with pine 
timber. When the lagoons were first excavated, the timber was 
not cut. As the trees decayed a path for migration down the 
decaying tap root of the tree was introduced. These tap roots 
can extend 20 to 35 feet deep in some places. 
Animal burrows can likewise provide pathways for migration of 
contaminates. In southern Louisiana, crawfish burrows are 
common in open ground. Crawfish burrows have been measured 
as deep as twenty feet in some areas, since they burrow down 
to reach the water table. These burrows even when 
subsequently abandoned and collapsed, leave a disturbed area 
behind which is more permeable than the surrounding soil. 
OTHER STUDIES 
These potential pathways for contaminant migration are not 
being adequately indentified during sampling, nor are they being 
accounted for in the testing of soils for geotechnical purposes. 
An extensive study of sample handling was conducted by 
Louisiana State University (Arman, 1977). They intensively 
studied disturbances to soil samples caused by the normal 
sampling procedures used in Louisiana and many of the southern 
states. The most common method is to use a rotary drill for 
advancing the boring, and a thin-walled Shelby Tube for taking 
the sample. The soil sample is brought to the surface and 
mechanically extruded with a hydraulic ram. The sample is 
then scraped of excess mud, classified, and approximately 18 
inches is kept as a representative sample, while the rest is 
discarded. 
All of the steps described above introduce disturbances in the 
sample. The report draws the following conclusions regarding 
the effect of these disturbances on permeability: 
"Permeability is affected by changes in density and 
void ratios caused by structural disturbance. 
Estimates concerning settlement rates deviate 
drastically from the performance in the field if 
tests are conducted on samples with excessive 
disturbance. 
"Soils composed primarily of platey or flakey grains 
develop anisotropy with respect to permeability 
depending on the grain orientation. Minor 
disturbances can rearrange these grains to change 
permeability by several orders of magnitude while 
making only fractional change in other engineering 
properties." 
Even minor disturbances in clay samples can significantly alter 
the measured permeability of a sample without changing the 
other properties and thus alerting the geologist or engineer that 
the sample is not giving an accurate reading. 
Slickensides and thin silt or sand interbeds are features that are 
often not representatively sampled. If the slickenside or 
interbed extends through the core, the sample, upon extrusion, 
will often break along that line. Rather than attempting to 
include the feature in the retained sample, so that its effect 
can be measured, the break is most often used as the place to 
trim the sample and so the effect of this feature on the 
permeability is not measured. 
Slickensides and interbeds that do not extend through the core 
are often masked by the sample handling technique. The 
scraping of the drilling fluids from the core will smear the sides 
of the sample to some extent. This will seal small silt or sand 
interbeds, and to some extent the slickensides as well. 
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CONCLUSIONS 
The only recognition of the potential pathways described 
above is usually a minor note in the driller's log of a 
boring. No systematic studies of the distribution of 
slickensides have been done. Silt lenses and animal 
burrows are impossible to statistically described for a 
given location. Since these features cannot be described 
statistically, they cannot be factored into a model except 
in general terms. Field permeability tests will give the 
closest approximation to the actual in-situ permeability 
of a site. Even these tests may under-rate the 
permeability of the soils at a site due to the placement of 
the boring for the test. 
At the current time the only accurate way to calculate 
the effect of these pathways on soils at a site is to 
measure the extent of contamination and determine the 
net permeability of the soil. This factor can then be 
introduced into any flow models used to evaluate 
corrective measures for clean-up of a site. 
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